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In 2018, the United States generated 600 million tons of Construction and Demolition Waste (CDW)
which was more than twice the amount of municipal solid waste produced. Excessive CDW puts a
burden on already scarce landfills as well as the environment and the health of its inhabitants.
Implementing waste management practices has historically been a challenge. The zero waste concept
emerged as an innovative solution to CDW and refers to the elimination of waste throughout
construction activity. It is the process of eliminating waste where possible, minimizing waste where
feasible, and reusing materials which otherwise might become waste. Fully adopting a zero waste
project has since been perceived as highly difficult to initiate and maintain since its inception. This
paper has determined the ranking order of factors that generate CDW and whether the commercial
construction industry in California is prepared to adopt zero waste strategies in the next 5 years in
California. Data was collected through a survey of 38 California commercial construction
professionals. The findings determined the top 5 causes of construction waste as well as establish that
the commercial construction industry is indeed prepared to adopt zero waste strategies in the next 5
years in California.
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Introduction
The United States produces over 30% of the planet’s total waste despite carrying only 4% of the
world’s population In 2018, the US generated 600 million tons of Construction and Demolition Waste
(CDW), where 143 million tons of it reside in industrial landfills (Sustainable Management of
Construction and Demolition Materials). The CDW generated was more than twice the amount of
municipal solid waste, making the construction industry the leading sector of waste production. In
general, waste is defined as any substance which is discarded after primary use or is worthless,
defective, and of no use. CDW can be defined as the waste generated through new construction,
renovations, and demolition of buildings and structures -- where demolition represents more than 90%
of total CDW (Napier, 2016). An increase in CDW is a result of accelerated urbanization through
large buildings and infrastructure projects. A study done by the University of New South Wales in
Sydney Australia found common factors that contribute to generating construction waste which
include: frequent design changes, poor site management, lack of coordination between parties, and
inadequate planning and scheduling (Siew, 2019). Additionally, the components that makeup CDW
include a wide range of materials such as brick and masonry, concrete, wood, metal, plaster and
drywall, glass and windows, asphalt and rubble, and landscape waste (Spiegal, 2019). The kinds of

materials that are not allowed to be recycled or turned into energy from incinerator plants will
generally be sent to the landfills.
For example, if a design change calls for different sized rebar, the original rebar that was already
procured may be discarded rather than reused in a different project. In some situations, construction
managers may find it easier to throw away extra materials instead of spending the time to repurpose
them. Reordering materials as a result of a design change, like in this scenario, is very common in
construction projects and results in consequences at the expense of the project’s time, money, and the
depletion of precious natural finite resources.
Excessive CDW creates many negative impacts to the environment as well as people’s health. The
environmental impacts associated with growing landfills is the methane that is emitted, polluting the
air and contributing to the greenhouse effect. According to Napier (2016), landfilling of construction
waste also results in degradation of land, habitat destruction, contamination of soil and groundwater.
These adverse impacts on the environment can directly influence public health and the economy
through health hazards created by the pollution to the air and soil. Because of these impacts, there is a
compelling need to reduce waste in all stages of construction.
But even so, the current industry has failed to institute a major change towards sustainable building
that can positively impact the construction waste being generated. The construction industry continues
to place a burden on already scarce landfills where landfills across the United States are currently
running on limited capacity. Bryan Staley, president and chief officer of the Environmental Research
and Education Foundation, estimates that the US has about 62 years of landfill capacity remaining in
its current facilities (Zimlich, 2016). The current culture of construction is based on a linear system,
promoting unsustainable building practices. Natural resources are continuing to be depleted, while at
the same time, there will be less and less space to discard CDW.
Though CDW is an escalating problem, there are several barriers that explain why improving
construction waste management practices has historically been a challenge. Barriers such as lack of
policy, industry culture, lack of knowledge on CDW and lack of financial incentive make adverse
impacts on “improving the environmental performance of CDW management”(Napier, 2016).
Industry personnel tend to perceive that establishing construction waste management can be costly
and timely for a project. With that being the case, there also seems to be a knowledge gap on how
much their projects generate waste, causing a lack of environmental commitment to sustainable
building.
The concept of circular economy has emerged as an alternative to the linear economic system, where
materials are essentially extracted, used, and then disposed of (Siew, 2019). The linear economy is
fundamentally unsustainable, as it assumes that materials are infinite and that disposed waste do not
cause problems (Napier, 2016). Alternatively, a circular economy aims to keep resources and
materials in a closed-loop so that virgin resources are no longer depleted, existing products can be
reused or recycled and that no resources are disposed of and no value is lost.

Literature Review
Zero Waste
The zero waste concept emerged as a way to combat the growing problems of excessive construction
and demolition waste. Zero waste is defined as a set of principles focused on the elimination of waste
at the source and throughout all points of the supply chain. It is an innovative solution and approach
with the goal being that not a single trash or piece of waste will be sent to landfills, incinerators or the
ocean. It is important to note that zero waste is a concept and it is essentially unrealistic to expect the
entire construction industry to be able to produce a net zero CDW. Nevertheless, the zero waste
concept is still regarded as the solution to excessive CDW through innovative strategies that will be
mentioned later.

Circular Economy
The idea of zero waste in construction is for the industry as a whole to move away from this
unsustainable linear system that we currently have and into a circular system. “Currently, the
construction industry is operating on a linear system, a one-way path from resource extraction to
consumption to disposal. Under this fundamentally unsustainable model, there is the assumption that
resources are infinite - which they are not - and that the disposed items do not have problems -- which
they do” (Schlosberg, 2020). In the “take-make-dispose” steps of a linear model, raw materials are
extracted into products that eventually get discarded as waste, typically ending up in landfills or
incinerators. Alternatively, the circular economic system replaces the end-of-life concept with
restoration or regeneration by intention and design. In a circular economic system, waste is thought of
as a resource rather than materials to be disposed of. Unnecessary extraction and consumption is
minimized, waste is reduced, and materials are reused or recycled back into the market. The zero
waste concept and circular economy are often used interchangeably since they are both similar in
concepts. However, we can think of zero waste as a goal, and a circular economy as a means to get
there.

Strategy Implementation
For zero waste strategies to become successful, effective strategies must be implemented.There are
four levels of zero waste strategies that can be implemented in the construction process. Those four
levels are the design level, manufacturing, application and the recycling and disposal level (Adams et
al., 2020). Firstly, at the design level, a thorough life cycle assessment is needed to design for material
optimization. An integrated design can be accomplished by effective collaboration between
construction teams including architects, engineers, general contractors, subcontractors and the owner
long before construction ever begins. A fully integrated drawing set can reduce the amount of
materials as well as the waste produced during construction.
Secondly, at the manufacturing level, “cleaner production strategies are used in the design and
manufacture process to minimize waste emissions and to maximize product output” (Adams et al.,
2020). Waste Managements Solutions is a North American company that provides integrated
environmental solutions by partnering with other companies to reduce and manage waste. In the past,

WM Solutions partnered with a Fortune 200 manufacturer of heavy construction equipment to
minimize plant and vehicle emissions and optimize use of renewable resources. At one company
location, the landfill diversion rate had already improved from 30% to 80% in its first full year.
Thirdly, at the application level, ensure that proper waste management techniques are operating on the
jobsite. The construction team should provide easily accessible collection and storage points for
recyclable materials. Recovering used but valuable construction and demolition materials for further
use is an effective use to save money and conserve natural resources. Contact suppliers if they are
willing to buy back excess material instead of discarding them as waste.
Lastly, in the recycling and disposal level, the effective environmental management plans, schedules,
and implementation and monitoring of activities environmental performance take place (Liyanage,
2019). The project waste should be recognized as an integral part of the overall materials
management. Successful waste management can only be applied if there is a plan set in place to put in
operation. Tracking the progress of waste management through submittals or other means is
important at the application level. The waste management plan should also include how required
recycling rates are to be achieved. Additionally, it should show materials to be recycled or salvaged,
cost estimates comparing recycling to disposal fees, materials-handling requirements, and how the
plan will be communicated to the crew and subcontractors.

Methodology
The goal of this paper is to determine current industry perceptions of zero waste within the
commercial construction industry in California. This research investigated whether the commercial
construction industry in California is ready to embrace the zero waste concept within the next 5 years.
The research also addressed which factors are the most and least prevalent in generating construction
waste. Qualitative and quantitative data was gathered in the form of a survey questionnaire. A
combination of primary data and secondary data was used to conduct the experiment.
The sampling frame consisted of industry people from California involved in the commercial
construction industry. The sampling frame included industry members from Gilbane Building
Company, Kitchell Corporation, ZGF Architecture, Cal Poly Facilities Management and Development
and members from the Construction Member Advisory Council from Cal Poly Polytechnic University.
The survey questionnaire was distributed via email and collected a total of 38 responses from
participants. Participants were given an unlimited amount of time to complete the survey
anonymously and totaled a 29:13 minute average completion time.
From the 38 participants, 8 were Project Engineers, 8 were Project Managers, 6 were Architects, 6
were Project Executives, 4 were Superintendents, 1 was an Engineer and 5 were others outside of the
given options. 5 participants indicated they were a Chief Operating Officer, VDC Engineer, VDC
Manager, Support Assistant and Director of Construction when they indicated “Other” when asked

what their current position is. Furthermore, 26 were general contractors, 6 were architects, 4 were
subcontractors and 2 were owner-builders when asked what type of construction firm they worked for.
The survey consisted of 2 multiple choice questions and 18 questions that were measured on a 5-point
Likert scale. The first multiple choice question identified the current position of the participant
(Superintendent, Project Manager, Project Engineer, Architect, Engineer, Project Executive, or Other).
The second multiple choice identified the type of construction firm the participant is involved in
(General Contractor, Owner-Builder, Subcontractor, Architect, Engineer or Other).
Part 1 of the 5-point likert scale pertained to the first 9 questions that indicates how strongly the
participants agreed or disagreed with the given statements (Strongly Disagree, Disagree, Neutral,
Agree or Strongly Agree). Part 2 how prevalent the given 12 factors were in generating construction
waste (1 being the least prevalent to 5 being the most prevalent). The 12 factors were taken from
secondary data of a different case study from the University of New South Wales in Sydney, Australia
(Siew, 2019). The results of part 2 were analyzed through the relative importance index (RII). RII was
used to rank the factors of relative importance to causes of construction waste with the values ranging
from 0-1. The higher the RII, the more important was the cause of waste generation. The w in the RII
equation represents the weighting given to each factor, ranging from 1 to 5; A represents the highest
weight (5); N represents the total number of respondents.
Relative Importance Index -

𝑅𝐼𝐼 = Σ

𝑤
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Data Results
Part 1

Figure 1. 100% Stacked bar chart representing responses on perceptions on construction waste
management.

Part 2

Figure 2. 100% Stacked bar chart for responses in causes of construction waste.
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A majority of the participants claimed they were familiar with the concept of zero waste.
79% of respondents responded with either strongly agree or agree while 10.5% claimed
neutral and 10.5% claimed to disagree when responding to the first statement.
In the second statement, 42.1% of respondents claimed they agree/strongly agree when asked
whether applying good and effective waste management is time consuming. 26.3% claimed
neutral and 31.6% claimed that they disagree with the statement.
In the third statement, a majority of the respondents claimed neutral when asked whether
applying good and effective waste management practices leads to an increase in money spent
for the project. The remaining responses were split between agree/strongly agree and
disagree/strongly disagree. 44.7% claimed neutral while 26.3% claimed agree/strongly agree
and 28.9% claimed disagree/strongly disagree.
In the fourth response, respondents seemed to be split between agree/strongly, neutral, and
disagree/strongly disagree, when asked whether they were willing to prioritize their project’s
progress over minimizing waste. 32.5% of respondents claimed to agree/strongly agree,
28.9% claimed neutral, and 31.6% claimed to disagree/strongly disagree.
A majority of the respondents seem to be aware of the amount of waste generated from their
current project(s). 71.1% of the respondents claimed to agree/strongly agree, 15.8% claimed
neutral, and 13.1% claimed to disagree/strongly disagree.
A majority of the respondents seem to be familiar with where the materials for their
project(s) are coming from in terms of the supply chain. 73.7% of the respondents claim to
agree/strongly agree, 10.5% claim neutral, and 15.8% claim to disagree/strongly disagree.
Exactly half of the respondents seem to be familiar with how much material goes into the
landfill for their current project(s). 50% of the respondents claimed to agree/strongly agree,
13.2% claimed neutral, and 36.8% claimed to disagree/strongly disagree.
A majority of the respondents seem to be familiar with how much material goes into
recycling for their current project(s). 63.2% claimed to agree/strongly agree, 10.5% claimed
neutral, and 26.3% claimed to disagree/strongly disagree.
A majority of the respondents seem to be prepared to establish good and efficient waste
management practices for a zero-waste concept project in the next 5 years. 52.7% claimed to
agree/strongly agree, 28.9% claimed neutral, and 18.4% claimed to disagree/ strongly
disagree.

Part 2

Table 1. Causes of waste ranked.

Conclusion
As the construction industry continues to create new buildings and infrastructure, excessive
construction and demolition waste continues to grow along with it. Large volumes of CDW are
produced each year, putting a burden on already scarce landfills and negatively impacting the
environment along with the health of the people living in it. The zero waste concept has emerged as a
solution to eliminate and minimize CDW. It is an innovative process that approaches the full life cycle
of a construction project. Zero waste methods include minimizing waste at the manufacturing,
application and the recycling and disposal level. Although the problem of excessive CDW continues
to grow, there has not been significant change in the industry that will make a lasting impact in
reducing CDW. By surveying construction professionals in the commercial construction industry, this
study has determined the top causes of construction waste in order to improve upon said factors and
consequently minimize waste production. Furthermore, this study determined the perceptions on the
zero waste concept and have determined whether they are prepared to establish zero waste concepts
within the next 5 years in California.
From the responses in part 1 of the study, it seems that most construction professionals in California
are familiar with the zero waste concept along with how much waste is being generated from their
projects and where the materials from the supply chain are coming from. The study also found that
most construction professionals know how much materials are going into the recycling plan but are
only somewhat familiar with how much goes into the landfill. Additionally, about a third of
construction professionals seem to be willing to prioritize their project’s progress over minimizing
waste. From the study, it can be said that the commercial construction industry can be prepared to
establish zero waste methods for minimizing CDW in the next 5 years. Lastly, future research into the
perceptions of the zero waste concept should focus on establishing a clearer picture of what ‘good and
effective waste management is’ if this survey were to be replicated.
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